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ABSTRACT.
Using an individual-based approach, we have modelled a yellow perch's first season of growth in
lower Lake Michigan. The approach explicitly simulates size-dependent mortality, and accounts
for the fact that perch hatched on different days experience different temperatures and prey and
predator densities. We find:
1. survival is sensitive to hatch date (over the hatching period which covers June) because
the availability of zooplankton food varies during that period (this agrees with previous
findings),
2. survival is insensitive to size at hatch, which varies between 5.0 and 7.0 mm (no
experiment has been done to test this),
3. survival is sensitive to water temperature (some experimental verification),
4. 99+% of mortality is from predation (agrees with experiment),
5. length at the end of the growing season exceeds experimental result; it can be brought
into agreement with manipulation of growth parameters in the model.
At this stage the model is flexible, but because of its many parameters, more calibration is required
to make it truly predictive. Additional calibration on perch, or on other freshwater lake fish, is
planned.
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1. INTRODUCTION.
Yellow perch are an important commercial and sport fish in southern Lake Michigan. Recent wide
fluctuations in population density have raised questions about possible management measures,
especially with respect to other fish which also show wide population swings, such as alewife
(Wells, 1977). This research covers a beginning phase of a combined data collection and modeling
project to understand better the reasons for the fluctuations in yellow perch. This phase covers the
first year of life from hatch during the month of June to the end of the growing season around mid-
September. Length at the end of the growing season is a good predictor of overwintering success
(Post and Evans, 1989). In that 140-day period surviving yellow perch increase in length from
about.6 mm to 60 mm while encountering a wide range of temperature and prey and predator
densities. How the larval and juvenile perch fare in these encounters is recognized to be size-
dependent; for example, larval yellow perch are subject to predation (even by older yellow perch)
until they pass a threshold length of approximately 8 mm (Nielsen, 1989; Brandt, et al, 1987).
Survival is also dependent on hatch date; zooplankton food is sparse in early season, and a fish
hatched on 1 June may starve while one hatched on 16 June may not
The yellow perch hatch occurs over a period of approximately one month (See Fig. 1).
Environmental conditions (temperature, prey, and predator density) change on a time scale of days
(See Fig. 2). This combined with the size-dependence implies that a proper model to simulate
survival and growth should be highly disaggregated, approaching an 'individual based' analysis in
which individual or small groups of larvae are simulated independently. Individual-based
modeling (IBM), developed at Oak Ridge National Laboratory (Barnthouse, et al, 1987; DeAngelis
and Godbout, 1991) is therefore the technique we use. The project began as a collaboration of
William Horns and Robert Herendeen of the Illinois Natural History Survey. Horns left the
Survey in June 1991 and Herendeen assumed full responsibility. Horns is now with the
Wisconsin Department of Natural Resources in Madison, Wisconsin.
We have built and tested an IBM for young-of-year yellow perch and calibrated it with size and
density data collected by the staff of the Lake Michigan Field station of the Illinois Natural History
Survey at Zion, Illinois. Using it we make tentative conclusions about the relative importance of
temperature, hatch date, and prey density in young-of-year (yoy) yellow perch survival. The
model, and associated spreadsheets for graphical analysis, are transferable to studying other fish,
as we discuss below.
The report is organized as follows:
1. Introduction.
2. Preliminary data from Lake Michigan.
3. Critical processes in yoy yellow perch survival and growth-overview.
4. Critical processes in yoy survival and growth-details.
5. Simulation results - comparison with data.
6. Sensitivity analysis.
7. Steps in modelling and analyzing of input and output data.
8. Future uses of the model for yellow perch and other fish research.
2. PRELIMINARY DATA FROM LAKE MICHIGAN.
Figures 3, 4, and 5 show size distribution of larval and juvenile yoy yellow perch averaged from
several collection sites in the Milwaukee, WI to Evanston, IL area.
Figure 3 represents pooled data from many measurements in June and again in September over the
years 1988, 1989, 1990. Total fish measured: larvae, 435; juvenile, 511. We see that larvae
averaged 5.8 mm in length with coefficient of variation (Le., standard deviation divided by mean,
called cov) = 0.12, while juveniles averaged 60.6 mm with cov = 0.10. These data are "good" in
that all relevant measurements were taken: location, catch-per-effort, lengths. A large number of
incomplete data had to be screened to obtain these. Of course these pooled data contain
measurement over as much as a month. To eliminate that source of dispersion, we compare
Figures 4 and 5, which contain data from single days. The means are comparable, but cov is
reduced to approximately 0.070. Thus a simulation model ought to predict, or at least be
consistent with, the development of larvae perch (mean length = 6 mm, cov = 0.07) into juveniles
(mean = 60 mm, cov = 0.07).
Data were collected as part of the research program of the Lake Michigan field station of the Illinois
Natural History Survey at Zion, IL. The data cover different locations, times, and techniques. For
example, larval perch (length < 10-12 mm) are found near the surface and are collected in "pushes"
of nets that sweep the top 1 meter or so. Juvenile end of season perch (length ca. 60 mm) are
found at depths down to the epilimnion and are collected with bottom trawls down to 5 meters.
We have spent a good deal of time combining data from various sources and data sheets (R- base,
1992, plus private communications from W. Horns and M. Keniry) to produce a coherent file of
raw data, which is included as Appendix 1. Catch-per-effort from this file is used to weight
individual day's measurements in creating an input file representing the size and number
distribution over the entire hatching period. Fig. 1 is such a number distribution over the hatching
period in 1988. In the intermediate stage (length from 10 to 60 mm) the perch are not measured
because their location is unknown.
We initially believed that by otolith analysis we would be able to obtain exact ages of larval fish.
This proved wrong. Our technical staff could not produce reproducible results (Horns, 1991, p.
7), and one other researcher concurred (W. Horns, personal communication, relaying results from
R. Muth of Colorado State University) that daily otolith growth is sporadic and difficult to discern.
This information would have allowed direct evaluation of survival by cohort, which could allow
straightforward testing of the importance of timing: we could know rather exactly what regime of
temperature, prey, and predator density each individual fish experienced.
This being impossible, we have had to turn to less exact data, and to stress these two aspects of the
analysis:
1. accounting for the observed dispersion in lengths in surviving fish: is it from the larvae's
initial spread of lengths, or from different environmental regimes experienced by different
cohorts,
2. testing the model for sensitivity to these factors.
Larval yellow perch are identifiable for 3 to 4 days (M. Keniry, personal communication). Thus
larvae identified as such are assumed to have hatched on the day of measurement with the
knowledge that they may actually be several days old at the time.
3. CRITICAL PROCESSES IN YOY SURVIVAL AND GROWTH-OVERVIEW.
Fig. 6 diagrams the steps in a yoy yellow perch's day as we model it. In this first year model,
temperature, and prey and predator densities are specified exogenously, and each of many fish (say
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10,000) is stepped sequentially through the sequence of EAT - GROW - STARVE - PREDATE 1
The 10,000 fish have size and hatch date distribution proportional to those in the original data in
Appendix 1. No depletion of the prey, or satiation of the predators, is assumed within the chosen
time step, one day. Each fish is characterized by eight quantities, which are updated daily:
1. Hatch date
2. Hatch length
3. Hatch weight
4. Current length or length at death
5. Current weight or weight at death
6. Death date
7. How died (starve, eaten, other)?
8. Current "p" value (ratio of today's consumption to maximum consumption possible).
4. CRITICAL PROCESSES IN YOY SURVIVAL AND GROWTH - DETAILS.
A. EAT.
Yellow perch eat zooplankton over a size range up to the largest daphnia. We use the "p" value
approach, assuming that a larva eats a fraction p of its potential maximum consumption (for its
weight) as affected by 1. the density of prey, and 2. the larva's length. Both are assumed to have a
saturable dependence of these factors:
PREY CL
PVALUE = * (1)PREY + RK CL + RM (
where PREY is prey density in gm-3 , CLis current length (in mm) and RK and RM are constants.
Typical values: RK = 0.4 gm- 3 , RM = 8mm.
Food ingested is then
FOOD = RC *PVALUE* CMAX * CW (2)
where FOOD is in g, CMAX in g g-1 day-1, CW is current weight in g, and RC is an increasing
function of temperature. Typical value: RC = 0.3 at 10 deg. C, 1.0 at 29 deg. C.
CMAX is given by
CMAX = CA*CWCB (3)
where CA and CB are constants. Typical values: CA = 0.51 g g-1 day- 1, and CB = -0.42 (Horns,
1991).
FOOD is also randomized at this point by multiplying it by a uniformly distributed random
variable which is assumed to exert more influence on smaller perch. Thus where R is a uniformly
R - 0.5
FOOD = FOOD * (1+ )) (4)
1With the given ordering, a fish which could both starve and be eaten on a given day would always
be recorded as having starved. In fact this bias is removed in the program; for such a fish the
cause of death is chosen randomly from the two possibilities in the subroutine HOWDIE in the
FORTRAN program MODELS.FOR, given in Appendix 2.
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distributed random valuable between 0 and 1. Then food is multiplied by a factor varying between
(1+0.25) and (1-0.25) for CL --> 0, and it is unaffected for CL --> o. Randomization could result
in FOOD exceeding CMAX * CW. This is avoided by use of the minimum function
FOOD = MIN (FOOD, CMAX*CW) (5)
B. GROW.
This is adapted from Hewitt and Johnson's (1987) generalized bioenergetics model. See also
Kitchell, Stewart, and Weininger (1987). EAT has provided FOOD. GROW subtracts metabolic
and other losses: RESP(iration), EGES(tion), EXCR(etion), and S(pecific dynamic activity, the
energy expended in breaking down food), leaving weight gain or loss. EGES and EXCR are
temperature dependent If food eaten exceeds all losses and if the fish was not starving yesterday
as well, then the fish's current length CL increases to a new length NL given by
CW 1/B
NL = ( A )  (6)
where A and B are constants. Typically, A = 3.03 x 10-6 g, B = 3.24 (for juvenile fish).
Otherwise, length does not change. The daily weight loss is constrained never to exceed 10%.
C. STARVE.
If the fish's weight from GROW is too small compared with its
length, it starves. The decision is made after a conversion to dry weight
DRYWEIGHT = CW*0.1362*CLO. 0499  (7)
MINDRYWEIGHT = SK*0.4076E-6*CL 3.21 (8)
If (dry weight < min. dry weight), the fish starves. The weights are in g. SK is a constant,
typically of order 0.3.
D. PREDATE.
Predation loss is assumed proportional to predator density and to decrease with increasing length
CL. The probability of being eaten in one day is
PDEAD = PA*PRED*e-PB*CL  (9)
PRED is measured in number of predators per m3. PA and PB are constants. Typically, PA = 20
day-1 number"1 m3 , PB = 1/8 mm-1. Predation loss is also randomized: if PDEAD exceeds a
random number between 0 and 1, the fish is eaten.
5. SIMULATION RESULTS - COMPARISON WITH DATA.
Here we present results from running the model SIM (described in Section 7, below) using Lake
Michigan hatch data, temperature, and prey and predator density as inputs. A first test is to what
extent the results for end of season juvenile yoy yellow perch resemble the actual data, as in Figs.
3, 4, and 5. We thus ask:
1. Is the survival fraction comparable to that in nature?
2. Is the surviving juvenile mean length realistic?
3. Is the cov of that length realistic?
A. Survival.
We have these prior findings on larval yellow perch survival.
1. Approximately 10 of every 10,000 larvae will survive the first growing season, and that
the predominant cause of death is predation (William Horns, personal communication, 13
November 1992).
2. Menshutkin, et al (1968) find first-year survival rates of 1 to 3 per 10,000 for a lake in
Russia. These authors also find that starvation occurs in the first 6 days of life. However,
their only source of predation was cannibalism, which is not the case in Lake Michigan,
where alewives (among others) are known to eat larval yellow perch.
3. Mills and Forney (1989) find survival (starting with eggs) of 6 per 10,000 in Oneida
Lake, NY. This is the average of about 25 years' data; coefficient of variation is 1.1.
Figures 7a and 7b show a typical plot of larval survival over a 140-day run beginning on 1 June
1988. We assume 13 hatch dates (see Fig. 1) which are scaled to 10,000 total fish. The first
hatch, on 31 May had a low catch-per-effort and therefore is represented weakly in the input data; it
is only 0.05% of the total larval population. In this reference run approximately 200 fish survive.
The approximately 98% mortality occurs rapidly, being represented by approximately a negative
exponential with a half-life of about 6 days. Menshutkin, et al found a half life of approximately 4
days. Mills and Forey found that 54 of 10,000 survived the first 60 days, corresponding to a
half-life of 8 days. In this reference run, all mortality is from predation only.
B. Mean length.
Figure 7a shows that for the 140-day simulation, the surviving yoy yellow perch are about 103
mm long, which differs with the observed length of about 60 mm. The model needs adjusting,
which we do in Section 6. Figure 7a does show, however, how mean length increases over time.
Larvae grow little up to day 20, when they start growth that continues for the entire run. For days
60-75 there is a growth spurt followed by a growth depression between days 75 to 95. (This is
more easily seen on a logarithmic plot of length vs. time, which we do not show in this report)
These features correlate well with details of the prey density pattern shown in Fig. 7b. For
example, prey density reaches its overall maximum on day 60 and its overall low on day 75. The
prey density data in Fig. 7b are only measured weekly, and are extrapolated to a constant level into
late August and through September when no data were taken. This is a sensitive approximation.
C. Dispersion (cov of lengths) for larvae and juveniles.
From Figs. 3 and 5, the observed cov for juveniles is 0.07-0.12. For the simulation shown in
Fig. 7, cov = 0.06. Figs 8a,b and 9a,b show similar results for 1989 and 1990 hatch data and
environmental conditions. For both cases the survival fraction 2/10000 is reasonable, but for both,
the mean length at day 140 is too large. In all cases the reference pattern is the same. Larvae
hatched early (before 10 June) are few and die off. Later hatches fare better. Their growth rate is
dependent on prey density as expected. None starve; they just don't grow and hence are more
susceptible to predation. This agrees with the finding of Post and Prankevicius, 1987 that
vigorous early growth is necessary for survival in yellow perch. Brandt, at al, 1987 found that
alewives in Lake Ontario ate no yellow perch longer that approximately 8 mm when many larger
ones were available, implying a rather abrupt release from predation at that length.
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6. SENSITIVITY ANALYSIS.
Though we do not propose sensitivity analysis as the sole justification for constructing models, it
can offer extremely useful results. Strictly speaking, sensitivity analysis yields the effect of
changing one variable at a time, and it therefore may miss effects from interaction of variables.
Recognizing this, we proceed to ask two fundamental questions:
1. How do results vary with:
a. initial conditions (time of hatches, larval size),
b. environmental conditions (temperature, prey, and predator density),
c. parameters and mechanisms in the models?
2. What are the causes of dispersion in the size distribution of survivors?
A. Role of hatch date and size of larvae.
Fig. 10 indicates the fraction surviving for each larval hatch date. Early hatchlings survive poorly,
but so also do late hatchlings. This corresponds with prey density, which was low up to day 17
and from day 35 to 41. However, since all mortality was from predation as shown in Fig. 11, the
influence of that low prey density is not completely clear. We have further tested the 1988
simulation by using an assumed single hatch date and size and for all 10,000 fish, and then
repeating for several hatch dates. An example is given in Fig. 12. The results of these simulations
are consistent with the dependence on prey density, as shown in Table 1: survival is minimum for
hatching at times of low prey density. Fig. 13 indicates relatively little dependence of survival on
larval size at hatch.
B. Role of temperature, prey and predator density.
Prey density affects growth, as comparison of Figs. 7a and 7b has shown. Predator density data
are very sparse, so that the assumed density is nearly constant over the entire growing season. In
the reference runs, we assume that the number of encounters per day is PA times the predator
density in number m-3). PA is assumed to be about 20 day" number 1 m3 and as expected,
survival is sensitive to PA (see Table 2). Temperature fluctuates rather extremely around a general
humped trend line, the variation coming from upwelling and wind events (the temperature is
measured at approximately 5 meters depth). To test temperature sensitivity, we performed the
1988 reference run holding temperature constant at the observed extremes, 5 deg. C and 23 deg.
C. Table 3 shows that survival is strongly sensitive to temperature; ranging from 5/10000 at 5
deg. C to 630/10000 at 23 deg. C. For the actual 1988 temperature data, it is 191/10000. Mean
length of survivors is also highly sensitive to temperature, varying by a factor of 2.5 between 5
and 23 deg. C.
C. Role of parameters in the simulation of growth and starvation.
As mentioned above, all mortality in the reference runs is from predation, which is generally
expected. However, a simulation with prey set equal to 0 shows the larvae to persist for 40-50
days before starving, which is too long; Menshutkin, et al (19681) found starvation effects in
approximately 6 days. Isolating a unique set of parameters is difficult because of the many
parameters in EAT-GROW-STARV. Tables 5 and 6 show results of testing sensitivity to each of
these steps. These tests are incomplete, as each step depends on many parameters, and here we
vary only a few of them. (EAT depends on 10 parameters; GROW, on 13; and STARV, on 5).
Parameter SK in subroutine STARV does affect how fish die, as shown in Table 4. However, if
starvation is important in early life it will be important later in the season also (because the prey
density is relatively constant). Because we do not see late-season starvation, it is likely that
starvation is indeed not important. That suggests growth and predation again. In addition to its
dependence on predator density mentioned above, predation depends on larval length; it is assumed
that at some length the larvae gain "release" from predation, as given by the factor PB in Eq. 9.
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Table 2 shows the extreme dependence on that length: changing PB from 1/(8 mm) to 1/(12 mm)
reduces survival from 191/9782 to 6/9782. It has little influence on length of survivors.
We still have not isolated a realistic parameter change that brings the simulated end-of-season
length into agreement with the data. The remaining place to look is in the details of GROW, where
there are many parameters. For this report, we will find just one parameter whose variation
achieves the desired agreement, but this is nowhere near to being definitive. Detailed analysis of
this subroutine is a needed next step for further work. Two possible explanations are:
1. those parts of the bioenergetic model determining the daily weight change DW,
2. the assumed length-to-weight relationship.
The first is more likely. First we check the assumed maximum consumption CMAX as a function
of weight CW. In subroutine EAT, this is given by Eq. 3. In Table 5 we investigate the effect of
changing CB around its reference value of -0.42. (If all energy dissipation were through surface
conduction, one expects CB=-0.333.) Table 6 shows that changing CB has a strong effect on
mortality, but a relatively weak effect on length of survivors. The effect is conterintuitive in two
ways: 1. decreasing CB reduces CMAX, yet it results in more survival, 2. both increasing and
decreasing CB produce a decrease of length.
This implies that the answer is in the intricacies of subroutine GROW. Any of the dissipative
activities, such as respiration, egestion, excretion, and specific dynamic activity affect growth. We
have varied the parameter for specific dynamic activity, called SDA, in the quantity S in subroutine
GROW. The larger S is, the smaller is DW. Because SDA is multiplied times (consumption -
egestion), as long as SDA is less than 1 it is possible that the effect of increasing SDA from its
reference value of 0.15 will be to decrease DW while not radically affecting survival. Table 5
confirms this conjecture; with SDA = 0.9, mean length has dropped to 63 mm, a satisfactory match
to the observed mean of 61 mm. This manipulation also decreases survival by a factor of three,
down to 56/9782 (a change in the right direction), and increases COV to 0.156, which now is
about 25% greater than observed. This run is shown graphically in Figure 14.
It is a general truth that manipulating a multiparameter model in principle can provide good agreement
with observation. We have done that, but the sensitivity analysis has yielded several additional
results specific to this problem and model. We have found a number of non-sensitivities-which is
useful-and places in the model to investigate futher. More work is warranted.
7. STEPS IN MODELLING AND ANALYZING INPUT AND OUTPUT DATA.
Figure 15 shows the flow of data through the modelling process to the final statistical analysis and
graphical presentation. It consists of 4 steps. Fortran program MODELS.FOR is included as
Appendix 2. This and all other programs are available on request.
A. Fortran program PROCESS.FOR.
1. Purpose: converts input data on hatching and environmental factors to a standard format
for input to Fortran program SIM.FOR.
2. Inputs:
a. File FISHSIZE. Larvae characterized by hatch date and length for 1988, 1989,
1990. Included as Appendix 1.
b. File ZOOPlnn. Prey density vs. time for year 19nn.
c. File ALEWIVES. Predator density vs. time. Available for only one year.
d. File TEMPnn. Temperature vs. time for year 19nn.
3. Outputs:
a. File SIMULATE.HAT. Larvae characterized by hatch date, length, and CPE for
one of the years 1988-1990.
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b. File SIMULATE.ENV. Temperature, prey and predator density by day for one
of the years 1988-1990.
B. Fortran programs SIM.FOR, MODELS.FOR.
1. Purpose: to scale the data in SIMULATE.HAT up to a specified number of larvae (say
10,000) and to simulate their feeding, growth or starvation, and loss to predation during
the first growing season. The two programs are compiled and linked into the executable
file SIM.EXE. MODELS.FOR contains most of the functional relationships and is
included as Appendix 2.
2. Inputs:
a. File SIMULATE.HAT.
b. File SIMULATE.ENV.
c. File MODSIMINC. Contains parameters used in functional relationships.
d. File SIM.INI. Contains steps used in keyboard manipulation of input data, or in
processing input file TESTFILE.
e. File TESTFILE. Program SIM.EXE can run from this command file. This is
usually more convenient than running from keyboard.
3. Outputs:
a. File SIMOUT. Contains the eight variables given in Section 3 for each fish
simulated, plus summary data by day.
C. Pascal program HISTOSIM.PAS.
1. Purpose: to perform detailed statistical analysis on, and to summarize, file SIMOUT. It
is compiled to the executable file HISTOSIM.EXE. The resulting output HISTOOUT is in
a form manageable by the commercial spreadsheet program LOTUS 3.1
2. Inputs:
a. File SIMOUT.
3. Outputs:
a. File HISTOOUT.
D. Spreadsheet LOTUS 3.1.
1. Purpose: to perform further analysis, but mostly to allow convenient graphing of results.
A shell spreadsheet FISHSHEL.WK3 has been built with a built-in macro that
automatically inputs HISTOOUT.
2. Inputs:
a. File HISTOOUT.
3. Outputs:
a. Figures 1-5 and 7-13 are examples of LOTUS 3.1 graphics. LOTUS files
formed by importing HISTOOUT into FISHSHEL.WK3 are saved with
extension.WK3. Typical graphs that are stored in FISHSHEL.WK3 and plotted
automatically are given below in Table 7.
8. FUTURE USES OF THE MODEL FOR YELLOW PERCH AND OTHER FISH
RESEARCH.
This project has incomplete results-it lacks a detailed test of the model for growth of yoy yellow
perch. A major factor is the persence of many parameters in the several subroutines, but the
biggest problem is the departure of the biologist in this collaboration.
On the positive side, this model is logically correct, tractable, usable, and testable. Because it
simulates a wide variety of phenomena in the life of larvae, it can also be used for other fish. We
expect to do this, though the fish will likely be in Illinois impoundments rather than Lake
Michigan.
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Table 1. Sensitivity of survival and end-of-year length to hatch date. 1988 reference run, 9782
larvae, all of hatch length 5.8 mm, hatched on date specified.
Fract. Surviving Surv. Mean Length
(mm)
5 0.0024 116.0 0.045
15 0.0117 112.7 0.051
30 0.0225 103.6 0.061
36 0.0128 99.1 0.055
40 0.0221 97.1 0.055
Actual 1998 data 0.0191 106.5 0.061
15
Hatch Day cov
Table 2. Sensitivity to parameters PA (relating to encounters with predators) and PB (relating to
larval length beyond which predation becomes rare)in subroutine PREDATE; PDEAD =
PA*EXP(-PB*CL). 9782 larvae, 1988 reference run.
PA PB
(mm-1)
Fract. Surviving Surv. Mean Length
(mm)
20 1/7 0.0464 106.6 0.074
20 1/8 0.0195 106.5 0.061
20 1/10 0.0033 107.5 0.070
20 1/12 0.0006 108.7 0.071
40 1/7 0.0009 104.3 0.037
40 1/8 0.0001 108.9 0.000
40 1/10 0.0000
40 1/12 0.0000
16
COv
Table 3. Sensitivity of survival and length to temperature. 1988 reference run, 9782 larvae with
actual 1988 hatch distribution.
Fract. Surviving Surv. Mean Length
(mm)
5 deg. C 0.0005 61.6 0.048
Actual 1988 data 0.0191 106.5 0.061
23 deg. C 0.0630 159.7 0.084
17
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Table 4. Sensitivity of survival and length to parameter SK in subroutine STARV. Half-life is starvation half-life, estimated
only for prey and predator density set equal to 0, so that all fish starve. 9782 larvae.
SK Prey, pred. Fract. Surviving Surv. Mean Length
(mm)
COV Fract Starved Fract. Eaten
0.1 1988 data 0.0195 106.5 0.0610 0.000 0.980
0.1 Set = 0 0.0000 - 1.000 0.000 21
0.3 1988 data 0.0195 106.5 0.0610 0.000 0.980
0.3 Set = 0 0.0000 - - 1.000 0.000 4
0.5 1988 data 0.0181 106.7 0.0586 0.214 0.768
0.5 Set = 0 0.0000 - - 1.000 0.000 2.6
0.7 1988 data 0.0013 106.2 0.0612 0.718 0.218-
0.7 Set = 0 0.0000 - - 1.000 0.000 <1
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Table 5. Sensitivity of survival and length to parameters CB in CMAX = CW*EXP(CB).
CB Fract Surviving Surv. Mean Length
(mm)
COV Fract Starved
-0.42 0.0195 106.5 0.0610 0.000 0.980
-0.6 0.1833 100.9 0.0552 0.000 0.822
-0.2 0.0000 - - 0.001 0.999
-0.3 0.0004 97.0 0.0912 0.000 0.999
19
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Table 6. Sensitivity of survival and length to parameter SDA in subroutine GROW. 9782 larvae,
1988 reference run.
SDA Fract. Surviving Surv. Mean Length
(mm)
COV Fract. Starved
0.15 0.0195 106.5 0.0610 0.000 0.980
0.5 0.0067 76.5 0.120 0.0011 0.992
0.7 0.0060 66.2 0.127 0.0027 0.991
0.9 0.0057 63.0 0.156 0.0040 0.990
20
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Table 7. Graphs included in LOTUS 3.1 spreadsheet FISHSHEL.WK3. These can be produced automatically on
demand using the commands/Graph Name Use.
Graph Name Heading X-axis Description
ENVTIME
NUMTIM3
NUMTIME5
NUMTIMED
SDEAD1
SH10
SH10LN
SH10S
SH10SLN
SLIV1
SLIVONLY
TDEA1S
TDEAISLN
ENVIRONMENTAL CONDITIONS
NUMBER, LENGTH OVER TIME
NUMBER, LENGTH OVER TIME
NUMBER, CAUSE OF DEATH OVER TIME
LENGTH DISTRIBUTION
LENGTH DISTRIBUTION
LENGTH DISTRIBUTION
LENGTH DISTRIBUTION
LENGTH DISTRIBUTION
LENGTH DISTRIBUTION
LENGTH DISTRIBUTION
HATCH DAY DISTRIBUTION
HATCH DAY DISTRIBUTION
TDEAD1 HATCH & DEATH DAY DISTRIB.
TDEAD1S HATCH & DEATH DAY DISTRIB.
TDEAD1SL
TLIV1
TLIV1LN
TLIV S
HATCH & DEATH DAY DISTRIB.
HATCH DAY DISTRIBUTION
HATCH DAY DISTRIBUTION
HATCH DAY DISTRIBUTION
0-140 days
0-140 days
0-140 days
0-140 days
0-140 days
0-200 mm
0-200 mm
50-70 mm
50-70 mm
0-200 mm
0-200 mm
0-40 days
0-40 days
temperature, prey and predator density
log scale
includes cause of death as well
dead at hatch, number dying by length
hatch, survivors at hatch
hatch, survivors at hatch, log scale
spread-out surv. at hatch
spread-out surv. at hatch, log scale
hatch, surv. at hatch, surv.
survivors ONLY
hatch, starv at hatch, eaten at hatch
hatch, starv at hatch, eaten at hatch,
log scale
0-140 days hatch, starv. by day, eaten by day
0-60 days spread-out hatch, starv. by day,
eaten by day
0-60 days spread-out hatch, starv. by day,
eaten by day, log scale
0-140 days hatch, surv. at hatch
0-140 days
0-140 days
hatch, surv. at hatch
hatch, surv. at hatch
21
__ _ _ ___ 
FIGURE CAPTIONS
1. Larval distribution over time for 1988. Day 0 is the 150th day of the year, 30 May.
Measurements were made only on the days indicated, and fish as old as 4 days are classified as
hatched on the day of capture. Numbers are weighted by catch-per-effort on each day, and scaled
to yield approximately 10000 total larvae.
2. Environmental conditions: typical variation over time of prey and predator density, and of
temperature. Values represent averages over several locations. Very few predator measurements
were made, and prey was not measured after day 95 (approximately 1 September). All quantities
were assumed to hold constant from day of last measurement
3. Lake Michigan pooled data for larval (June) and juvenile (September) lengths. Not corrected
for catch-per-effort.
4. Larval length distribution at one location and date. 13 June 1988.
5. Juvenile size distribution at one location and date. 21 September 1988.
6. Schematic of modelling one day in the life of a yoy yellow perch.
7a. Reference model run: number of surviving yoy yellow perch and their average length over the
growing season for 1988. Approximately 200 larvae survive, which is likely too high. The length
on day 140 (106 mm) is too high. Coefficient of variation, 0.06, is reasonable. All mortality is
from predation.
7b. Temperature, prey, and predator densities for the growing season 1988.
8a,b. Reference model run for 9980 larvae for 1989. Two larvae survive, which is approximately
right. The length on day 140 (100 mm) is too high. Coefficient of variation, being based on only
two fish, is statistically unreliable. All mortality is from predation.
9a,b. Reference model run for 9984 larvae for 1990. Two larvae survive, which is
approximately right. The length or day 140 (120 mm) is too high. Coefficient of variation, being
based on only two fish, is unreliable. All mortality is from predation.
10. Survival by hatch date, 1988, reference run.
11. Causes of mortality, 1988, reference run.
12. 1988 test run for one size and hatch date of larvae. 1988 environmental data, and assumed
hatch of 10,000 larvae 5.8 mm long on day 30.
13. Survival by hatch length, 1988, reference run.
14. Reference model run, but with parameter SDA = 0.9: number of surviving yoy yellow perch
and their average length over the growing season for 1988. 56 larvae survive. Length on day 140
is 63 mm, which compares well with observed value of 61 mm. Coefficient of variation, 0.15, is
somewhat high. 99.6% of mortality is from predation.
15. Schematic of modelling and analyzing data.
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APPENDIX 1. File FISHSIZE. Size, location, catch-per-effort (CPE) data for larval and
juvenile yellow perch for 1988, 1989, 1990.
* This is a merger of FISHRAH2ASC, which had lengths and most of the associated
* catch counts and CPEs, and FISHBEIN, which had bigger sets of lengths but no
* associated counts or CPEs. If a set of lengths from FISHBEIN had a push number
* and date matching a set of lengths in FISHRAH2ASC, and if the FISHBEIN set
* was the bigger, then the count and CPE from the FISHRAH2.ASC set was presumed
* to apply also to the FISHBEIN set. In this case, the bigger set was kept and
* the smaller set was discarded. The resulting file FISHSIZE, has the same
* push numbers, dates, counts and CPEs as FISHRAH2.ASC, but in some cases the
* set of lengths are those from FISHBEIN, the original set having been thrown
* away. The point was to increase the number of data.
*
* File format required by PROCESS:
* Lines with a '*' as the first non-blank character, are comments.
* Blank lines are ignored.
* All data are blank delimited strings, therefore, no datum, except that in
* the notes column, may contain a blank.
* A legal line MUST be one of the following:
* 0) blank lines allowed by PROCESS, but not by Herendeen's histogrammer
* therefore, no blank lines should be inserted and '*'ed lines must be
* between each push.
* 1)have a *'in column 1
* 2) have a date as the first string, 'LAR' or 'JUV' as the second string,
* a number as the sixth string, a number as the seventh string.
* 3) a number as the first string. In this case it is interpreted as a
* length associated with the last occurring line of legal type 2.
* NOTE that if a line of type 2) is commented out, so must all of its
* following lines of type 3). Otherwise these uncommented-out lines
* will be erroneously associated with the previous type 2) line.
*
* #/m**3 for LARvae
* #/m**2 for JUVeniles
* DATE MATUR LOC PUSH SUBPSH CATCH# CPE11
*DDDDDDDMMMMMMLLLLLLLLPPPPPPPSSSSSSSCCCCCCCCCCCCCCCCCCCC
* 8 14 22 29 36 45 56
*
*05/25/88 LAR ? 3 ? ? ?
* 5.9
*
05/29/88 LAR ? 2 ? ? 6.8
5.8
06/04/88 LAR ? 2 ? 6 48.6
6.1 6.1
*
*06/06/88 LAR ? 1 ? ? ?
* 5.6 5.4 5.1
*
*06/06/88 LAR ? 2 ? ? ?
* 5.2 53 5.2 5.7 5.4 5.2 4.8 5.1
*
*06/06/88 LAR ? 3 ? ? ?
41
*06/06/88 LAR ? 3 ? ? ?
* 5.6
06/11/88 LAR ? 2 ? 433 3197.9
5.0 53 53 5.0 5.0 53 5.8 5.9 5.1 5.5
5.6 5.8 5.9 5.4 53 5.8 5.4 5.4 4.9 5.0
4.9 5.8 5.5 53 5.4
*06/11/88 LAR ? 3 ? ? ?
* 6.0 5.9 6.1 5.8 5.8 6.0 5.9 4.9 5.5 5.4
* 6.4 53 5.9 5.6 6.0 5.0 5.1 5.8 5.5 5.8
* 5.5 5.1 4.8 5.3 5.4
*
*06/11/88 LAR ? 4 ? ? ?
* 5.6 5.8
*
06/12/88 LAR ? 2 ? 167 1256.7
5.6 5.1 5.4 53 5.3 5.4 53 5.5 5.6 5.1
5.3 5.9 5.5 53 4.8 5.1 5.4 5.4 5.5 5.4
5.4 5.0 53 4.9 5.0
*
*06/12/88 LAR ? 3 ? ? ?
* 5.8 5.8 5.7 5.6
*
*06/12/88 LAR ? 4 ? ? ?
* 6.1
*
06/14/88 LAR ? 2 ? 85 569.3
5.9 5.5 5.9 5.5 5.4 5.4 5.6 5.4 5.6 5.4
6.1 6.1 6.0 5.6 5.8 6.0 6.0 5.9 5.6 5.5
5.4 6.0 5.4 6.1 5.9
*
*06/14/88 LAR ? 4 ? ? ?
* 5.6 6.5 5.4 6.2 6.1 5.7
*
*06/14/88 LAR ? 5 ? ? ?
* 5.1 5.0 5.6 5.4 5.9 6.0 5.9 5.6 5.8 5.4
* 5.4 6.0 5.8 5.6 5.4 5.6 5.6 5.6 5.6 5.1
* 5.8 5.1
*
06/14/88 LAR ? 6 ? 158 1070.8
5.9 5.9 5.4 63 7.0 6.0 63 5.8 5.9 5.9
5.9 5.6 63 6.1 5.8 5.8 5.9 6.4 5.5 6.4
6.6 5.8 5.8 63 5.8
*
*06/16/88 LAR ? 1 ? ? ?
* 6.0 6.4 6.5 6.0 6.1 5.9 5.6 6.1 6.0 5.8
* 6.1 6.1 5.5 5.9 5.8 6.0 5.4 5.4 5.8 6.0
* 5.8 5.5 5.8 6.0 5.5
*
*06/16/88 LAR ? 3 ? ? ?
* 5.4 53 5.5 5.5 5.8 5.6 5.8 5.4 5.6 5.4
* 55 4.8 5.6 5.9 5.4 5.1 5.6 5.4 6.0 5.8
42
* 53 5.8 6.0 6.1 5.4
*
*06/18/88 LAR ? 1 ? ? ?
* 5.8
*
06/18/88 LAR ? 2 ? 109 629.7
5.9 63 5.8 6.1 6.1 5.8 5.9 63 5.9 5.8
5.3 5.6 6.4 5.5 5.5 6.4 6.4 6.0 6.4 6.0
5.4 6.0 6.1 6.0 5.9
*
*06/18/88 LAR ? 3 ? ? ?
* 5.9 63 5.9 6.1 5.9 5.9 6.0 6.3 6.1 5.9
* 5.5 6.1 6.1 6.3 6.4 6.4 6.1 6.0 53 5.5
* 5.9 5.9 6.0 5.5 5.6
*
06/18/88 LAR ? 6 ? 129 810.8
6.1 6.0 5.9 5.8 5.6 5.8 5.8 5.8 5.8 5.6
6.3 5.9 6.4 5.9 6.4 5.6 5.5 5.9 5.9 6.3
5.3 5.6 5.9 5.5 5.8
*
*06/18/88 LAR ? 7 ? ? ?
* 6.0 5.6 5.8 6.3 5.6 5.6 6.0 5.5 6.1 5.6
* 6.1 5.9 5.6 5.9 5.9 5.4 6.1 5.9 5.6 6.1
* 5.8 5.6 5.6 6.0 6.0
*
06/20/88 LAR ? 2 ? 52 363.9
5.9 5.8 6.4 5.8 6.1 5.6 5.9 5.5 5.6 6.0
6.4 5.9 5.5 5.4 5.8 6.0 5.4 5.8 5.8 6.1
6.0 5.8 5.6 5.6 5.6
*
*06/23/88 LAR ? 1 ? ? ?
* 5.6 6.6 5.9 6.0 7.6 6.0 6.0 6.0 6.5 5.8
* 6.9 6.5 63 6.0 6.6 6.0 63 6.4 63 6.0
* 6.9 5.9 6.4 5.9 5.8
*
*06/23/88 LAR ? 2 ? ? ?
* 5.8 63 6.1 7.0 6.8 7.1 6.8 7.6 6.1 7.8
* 6.6 6.6 6.5 6.6 7.0 8.8 63 6.9 6.4 6.6
* 7.1 73 6.3 6.8 83
*
06/23/88 LAR ? 3 ? 500 3316.0
6.1 5.9 63 6.0 5.9 63 5.3 6.0 5.8 5.9
5.6 6.0 6.5 5.8 5.6 6.0 6.4 5.9 5.8 5.5
6.0 6.0 6.4 5.5 5.8
*
*06/23/88 LAR ? 4 ? ? ?
* 6.0 83 5.0 6.5 5.5 5.1 5.6 6.4 6.0 5.3
* 5.4 7.1 5.6 5.4 55 5.6 6.5 7.0 5.0 6.0
* 5.1 5.8 5.6 5.0 5.9
*
06/25/88 LAR ? 2 ? 26 144.8
6.0 53 6.6 6.1 5.5 5.9 63 5.1 5.6 6.0
6.5 5.5 6.3 5.9 6.6 6.0 5.8 8.0 5.4 6.1
6.1 6.0 53 5.9
43
06/25/88 LAR ? 4 ? 196 1084.7
6.5 6.4 6.1 73 5.9 6.5 6.4 5.9 6.6 6.0
6.3 6.4 6.0 5.8 6.3 6.4 5.8 6.0 6.0 5.8
5.9 6.0 5.6 5.5 5.8
*06/25/88 LAR ? 5 ?
* 5.9 6.0 53 6.4 6.0
* 6.4 6.4 6.4 7.1 5.6
* 5.6 6.0 63 5.9 5.8
*
*06/25/88 LAR ? 6 ?
* 6.6 63 10.4 63 6.8
* 6.0 6.8 9.6 6.4 6.5
* 5.9 6.1 103 73 7.6
*06/27/88 LAR ? 1 ?
* 53 6.4 5.8 7.4 5.1
* 5.6 6.0 5.4 5.5 63
* 6.1 5.4 4.9 6.1 10.0
06/27/88 LAR ? 2 ?
7.4 8.1 63 5.6 6.3
7.6 6.0 5.5 5.9 5.6
5.8 8.8 6.4 6.8 5.8
06/27/88 LAR ? 3 ?
9.8 6.0 7.0 5.5 6.4
6.3 5.4 5.9 6.0 6.8
6.0 6.6 7.1 73 7.8
*
*06/27/88 LAR ? 4 ?
* 6.1 5.1 4.6 6.8 6.6
* 6.1 5.6 5.5 5.9 5.1
* 5.6 6.3 5.9 5.5 5.1
*
*07/01/88 LAR ? 1 ?
* 5.9 7.4 5.8 6.0 5.9
* 53 5.6 53 6.0 5.1
* 53 5.5 5.5 4.9 5.1
?
6.8
6.4
?
6.0 6.1
5.6 6.3
? ?
6.0 6.1 6.5
6.9 63 6.4
?
5.9
5.8
?
5.4 5.3
6.0 5.8
148 976.4
6.6 5.6 5.3
5.9 5.6 6.0
86 489.5
6.4 5.4 6.1
6.4 5.5 5.8
5.5
6.5
?
4.5
6.5
5.4 5.1
6.1 4.8
?
5.6 6.0
63 6.0
*07/01/88 LAR ? 2 ?
* 10.9 5.9 5.1 6.0 5.5
* 4.9 5.5 5.5 5.0 5.6
* 5.6 5.5 5.9 5.4 5.6
07/01/88 LAR ? 3 ? 333
? ?
5.5 63 53
5.5 5.4 4.9
2385.2
6.1 5.4 6.1 5.8 5.5 5.9 5.4 4.9 5.9 5.1
5.3 5.3 5.5 5.5 5.1 6.1 5.3 5.6 5.4 5.1
5.4 5.4 5.4 5.5 4.6
*
*07/01/88 LAR ? 4 ? ? ?
* 5.6 7.4 6.1 6.0 7.1 4.8 6.1 5.9 6.1 6.6
* 5.8 5.5 53 6.0 6.1 5.6 6.6 5.9 5.4 5.1
44
6.1
63
7.0
5.4
6.9 6.3
6.6 6.5
5.5
5.1
5.8
5.9
5.3
5.8
5.8
4.8
6.4
6.1
5.5
6.5
6.1
5.4
5.6
6.4
5.5
5.9
5.1
4.6
5.8 6.0
4.8 4.8
* 6.1 5.5 5.5 5.4 5.6
*07/01/88 LAR ? 5 ? ? ?
* 5.6 6.4 6.0 5.9 5.8 5.5 63 6.4 5.8
* 53 5.8 7.5 5.4 6.4 55 5.5 5.0 5.9
* 6.0 6.9 6.5 5.6 6.8
*07/01/88 LAR ? 6 ? ? ?
* 6.1 5.0 6.4 5.9 5.4 5.4 5.6 4.5 5.8
* 5.9 4.6 5.4 5.8 4.9 4.6 4.8 6.1 5.8
* 6.6 7.5 6.0 5.8 4.6
*
07/01/88 LAR ? 7 ? 227 1538.6
9.6 6.0 5.9 4.6 5.3 4.5 53 53 5.6 53
5.5 5.9 5.1 6.1 5.5 5.0 5.5 5.1 63 73
6.0 5.6 5.5 5.5 5.4
*
*07/01/88 LAR ? 8 ? ? ?
* 6.9 5.9 5.6 6.3 5.9 5.8 63 5.1 4.6 5.0
* 5.5 5.0 53 4.5 5.8 5.5 5.9 5.3 6.0 6.1
* 10.0 5.9 5.6 5.6 103
*
07/03/88 LAR
4.9 5.5 5.4
5.1 4.5 5.4
4.8 4.9
*
*07/03/88 LAR
* 62 4.6
*07/03/88 LAR
* 6.6
? 2 ? 41 262.0
5.4 5.3 5.0 4.9 4.9 5.5 6.0
5.0 4.5 5.6 4.9 4.8 4.8 5.5
? 3 ? ? ?
? 4 ? ? ?
07/05/88 LAR ? 2 ? 13 913
6.3 5.7 5.9 63 6.0 63 5.6
*
*07/05/88 LAR ? 3 ? ? ?
* 5.9 5.9 5.4 5.6 6.2
*
*07/05/88 LAR
* 5.4 5.5
*07/07/88 LAR
* 5.4 11.1
*07/07/88 LAR
* 6.7
*07/09/88 LAR
* 5.6 8.9
*07/09/88 LAR ?
* 5.8 5.4
*0709/88 R
*07/09/88 IAR ?
? 4 ? ?
? 3 ? ?
? 4 ? ?
? 1 ? ?
2? ?
4? ?
45
53
6.0
5.0
6.0
* 7.1
*
08/30/88 JUV WAUK
53.0 62.0 66.0 69.0
70.0 22.0 58.0 61.0
58.0 57.0 62.0 71.0
62.0 63.0 51.0 62.0
66.0 50.0 50.0 53.0
63.0 63.0 55.0 60.0
58.0 55.0 56.0 69.0
55.0 55.0
1 ? 719 509.2
58.0 58.0 59.0 65.0
60.0 60.0 58.0 67.0
64.0 55.0 63.0 67.0
67.0 63.0 56.0 58.0
58.0 50.0 60.0 59.0
63.0 57.0 59.0 65.0
57.0 60.0 59.0 56.0
*
*09/13/88 JUV MICH 2 ? ?
* 80.0 78.0 74.0 55.0
*09/13/88 H 3
*09/13/88 JUV MICH 3 1 570
* 54.0
* 71.0
* 73.0
* 60.0
* 62.0
64.0
61.0
72.0
61.0
62.0
*09/13/88 3
* 90.0 70.0
* 76.0 69.0
* 65.0 67.0
63.0 69.0
56.0 71.0
57.0 60.0
55.0 74.0
72.0 50.0
MICH 3
61.0 67.0
75.0 57.0
66.0 72.0
73.0
55.0
58.0
71.0
60.0
1A
74.0
64.0
64.0
77.0
67.0
58.0
60.0
?
72.0
70.0
63.0
*
*09/13/88 JUV MICH 3 2 ?
* 69.0 64.0 66.0 67.0 57.0 74.0
* 72.0 58.0 74.0 72.0 75.0 58.0
* 78.0 61.0 62.0 72.0 53.0 58.0
* 72.0 56.0 77.0 57.0 76.0
76.0
66.0
56.0
62.0
76.0
62.0
63.0
63.0
?
74.0 73.0
62.0 76.0
68.0 61.0
?
65.0 62.0
75.0 63.0
72.0 61.0
*09/13/88 JUV MICH 3 2A ? ?
* 57.0 76.0 68.0 68.0 56.0 85.0 71.0 71.0
* 69.0 59.0 56.0 58.0 58.0 53.0
*
*09/13/88 JUV MICH 3 3 ? ?
* 65.0 72.0 81.0 54.0 80.0 66.0 68.0 69.0 61.0 64.0
* 69.0 66.0 60.0 60.0 65.0 65.0 69.0 60.0 70.0 61.0
* 71.0 71.0 58.0 66.0 76.0 53.0
* 79.0 58.0 68.0 62.0 68.0 63.0
*09/13/88 JUV MICH 3 3A ?
* 86.0 61.0 82.0 82.0 85.0 72.0
* 67.0 80.0 64.0 60.0 60.0 67.0
* 59.0 61.0 62.0 85.0 60.0 53.0
61.0 55.0 76.0 67.0
65.0 63.0 71.0 71.0
62.0 63.0 72.0 70.0
*09/13/88 JUV MICH 3 4 ? ?
* 65.0 76.0 57.0 64.0 54.0 68.0 65.0 59.0
* 81.0 64.0 67.0 70.0 53.0 77.0 62.0 75.0
* 55.0 56.0 64.0 72.0 57.0 61.0 79.0 58.0
* 57.0 69.0 77.0 61.0 61.0 66.0 54.0
*i
60.0
68.0
50.0
70.0
58.0
50.0
63.0
60.0
56.0
66.0
61.0
63.0
61.0
48.0
66.0
66.0
60.0
62.0
83.0
90.0
63.0
68.0
70.0
57.0
60.0
85.0
73.0
59.0 62.0
65.0 90.0
66.0 73.0
69.0 50.0
60.0 82.0
74.0 85.0
60.0 53.0
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*09/13/88 JUV MICH 3 4A ?
* 73.0 60.0 61.0 71.0 79.0 59.0
* 67.0 77.0 70.0 62.0 73.0 65.0
* 54.0 66.0 68.0 52.0 56.0 60.0
* 72.0 70.0 71.0 70.0 55.0 51.0
*09/13/88 JUV MICH 3 5 ?
* 79.0 66.0 63.0 69.0 68.0 67.0
* 52.0 52.0 60.0 71.0 66.0 60.0
* 53.0 59.0 68.0 59.0 66.0 68.0
*
*09/13/88 JUV MICH 3 SA ?
* 62.0 56.0 61.0 61.0 77.0 59.0
* 53.0 88.0 80.0 65.0 69.0 78.0
* 65.0 67.0 73.0 61.0 59.0 70.0
* 62.0
*09/13/88 JUV MICH 3 6 ?
* 68.0 90.0 57.0 48.0 70.0 60.0
* 56.0 61.0 57.0 67.0 62.0 59.0
* 65.0 72.0 61.0 65.0 56.0 66.0
*09/13/88 JUV MICH 3 6A ?
* 79.0 83.0 66.0 88.0 73.0 71.0
* 66.0 74.0 59.0 66.0 67.0 67.0
* 81.0 56.0 64.0 70.0 68.0 62.0
*
*09/13/88 JUV MICH 3 7 ?
* 58.0 72.0 74.0 59.0 75.0 57.0
* 68.0 55.0 70.0 73.0 70.0 71.0
* 62.0 82.0 81.0 53.0 62.0 65.0
* 71.0 69.0 68.0 67.0 68.0
*
*09/13/88 JUV MICH 3 7A ?
* 70.0 68.0 70.0 75.0 67.0 68.0
* 68.0 58.0 58.0 89.0 74.0 61.0
* 74.0 79.0 71.0 65.0 77.0 70.0
?
56.0 57.0
75.0 69.0
87.0 58.0
57.0
?
61.0 76.0
90.0 73.0
64.0 64.0
69.0 66.0
57.0 66.0
72.0 67.0
61.0
67.0
60.0
61.0
48.0
72.0 80.0 68.0 65.0
80.0 59.0 55.0 70.0
68.0 76.0 64.0 56.0
?
72.0 60.0
55.0 63.0
60.0 59.0
63.0 73.0
65.0 79.0
77.0 71.0
?
86.0 61.0
52.0 52.0
63.0 60.0
64.0 56.0
60.0 59.0
69.0 55.0
72.0
87.0
68.0
73.0
64.0
56.0 62.0
64.0 63.0
68.0 72.0
?
77.0 71.0 53.0 61.0
63.0 73.0 86.0 70.0
61.0 60.0
*09/13/88 JUV MICH 3 8
* 69.0 58.0 69.0 66.0 58.0
* 69.0 67.0 75.0 64.0 69.0
* 62.0 54.0 74.0 57.0 60.0
* 59.0 69.0 91.0 55.0 57.0
*
?
72.0
78.0
74.0
79.0
*09/13/88 JUV MICH 3 8A ?
* 74.0 71.0 65.0 82.0 82.0 73.0
* 65.0 68.0 63.0 70.0 76.0 61.0
* 76.0 59.0 71.0 78.0 64.0 62.0
* 61.0 53.0 70.0 69.0 60.0 74.0
*09/13/88 JUV MICH 3 9
* 65.0 52.0 57.0 63.0 66.0
* 65.0 66.0 57.0 58.0 59.0
* 60.0 60.0 54.0 66.0 71.0
?
64.0
72.0
77.0
71.0
74.0
56.0
62.0
68.0
71.0 78.0 62.0
53.0 73.0 64.0
57.0 67.0 55.0
63.0 80.0 52.0
81.0 58.0 54.0
64.0 89.0 73.0
57.0 66.0 60.0 64.0 51.0
59.0 55.0 60.0 57.0 65.0
70.0 63.0 59.0 61.0 57.0
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* 60.0 55.0 57.0 67.0 58.0
*
*09/13/88 JUV MICH 3 9A ?
* 78.0 78.0 81.0 82.0 75.0 81.0
* 85.0 71.0 70.0 93.0 66.0 87.0
* 82.0 73.0 64.0 69.0 69.0
*09/13/88 JUV MICH 4 1 66
* 73.0 75.0 69.0 83.0 61.0 64.0
* 82.0 79.0 80.0 69.0 68.0 63.0
* 65.0 76.0 90.0 70.0 85.0 71.0
* 75.0 67.0 60.0
*
*09/13/88 JUV MICH 4 2 ?
* 81.0 92.0 75.0 79.0 95.0 60.0
* 72.0 86.0 85.0 60.0 56.0 62.0
* 83.0 71.0 68.0 59.0 78.0 72.0
* 68.0 61.0 55.0 69.0
*
09/14/88 JUV RACI 3 ? 1
55.0
*
80.0 76.0 68.0 77.0
71.0 73.0 74.0 75.0
?
80.0 72.0
61.0 64.0
65.0 78.0
9
73.0
65.0
67.0
03
64.0 77.0
82.0 76.0
75.0 59.0
61.0 56.0 76.0
66.0 89.0 74.0
66.0 77.0 60.0
09/14/88 JUV RACI 4 ?
61.0 68.0 61.0 50.0 67.0
67.0 65.0 62.0 63.0 63.0
61.0 59.0 65.0 56.0 75.0
52.0 60.0 60.0 61.0 58.0
*
09/14/88 JUV RACI 6 ?
67.0 63.0 56.0 70.0 64.0
73.0 62.0 66.0 60.0 68.0
63.0 70.0 61.0 69.0 52.0
66.0 61.0 65.0 62.0 56.0
66.0 57.0
*
09/14/88 JUV RACI 7 ?
66.0 67.0 70.0 61.0 61.0
61.0 63.0 57.0 70.0 65.0
59.0 60.0 61.0 53.0 52.0
67.0 64.0 59.0 57.0 57.0
*
*09/14/88 JUV RACI 8 5
* 66.0 62.0 62.0 59.0 70.0
* 56.0 55.0 63.0 60.0 70.0
* 63.0 62.0 76.0 60.0 70.0
* 60.0 64.0 59.0 69.0 65.0
* 59.0 55.0 60.0 69.0 63.0
35
63.0
66.0
57.0
43
59.0
64.0
50.0
65.0
40
72.0
59.0
61.0
58.0
?
59.0
64.0
66.0
58.0
60.0
*
09/14/88 JUV RACI 8 5A 96
63.0 65.0 67.0 57.0 62.0 55.0
56.0 50.0 58.0 65.0 59.0 58.0
66.0 59.0 62.0 60.0 66.0 62.0
59.0 63.0 61.0 66.0 65.0 70.0
57.0 68.0 86.0 57.0 70.0 62.0
56.0 57.0
60.0 64.0
62.0 61.0
12.4
63.0 63.0
60.0 73.0
50.0 58.0
14.4
62.0 59.0
68.0 53.0
59.0 66.0
62.0 53.0
12.2
59.0 55.0
70.0 65.0
72.0 65.0
62.0 68.0
?
58.0 57.0
66.0 70.0
59.0 56.0
63.0 74.0
56.0 54.0
30.9
74.0 62.0
64.0 64.0
51.0 50.0
56.0 57.0
60.0 60.0
68.0
63.0
61.0
72.0
64.0
69.0
66.0
62.0
55.0
70.0
55.0
56.0
55.0
67.0
59.0
58.0
63.0
61.0
54.0
65.0
59.0
63.0
72.0
57.0
60.0
66.0
57.0
61.0
60.0
70.0
67.0
62.0
61.0
56.0
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09/21/88 JUV WILM 1 ? 17 6.0
67.0 61.0 62.0 71.0 69.0 64.0 66.0 65.0
70.0 61.0 71.0 70.0 67.0 67.0 65.0
09/21/88 JUV WILM 2 ? 214 1353
63.0 59.0 55.0 60.0 62.0 71.0 65.0 63.0
58.0 59.0 58.0 60.0 60.0 54.0 63.0 60.0
59.0 63.0 62.0 48.0 64.0 58.0 56.0 58.0
67.0 56.0 57.0 55.0 59.0 54.0 62.0 57.0
60.0 54.0 57.0 63.0 64.0 56.0 57.0 54.0
61.0 54.0 60.0 60.0 57.0 58.0
68.0 59.0
61.0
65.0
60.0
54.0
59.0
57.0
51.0
62.0
58.0
56.0
09/21/88 JUV WILM 3 ? 16 53
74.0 69.0 70.0 69.0 67.0 56.0 56.0 67.0 61.0 70.0
72.0 59.0 51.0 55.0 53.0 55.0
09/21/88 W 4 ? 2062 1258.9
09/21/88 JUV WILM 4 ? 2062 1258.9
62.0 64.0 61.0 65.0
68.0 58.0 64.0 56.0
55.0 56.0 57.0 64.0
57.0 66.0 60.0 56.0
61.0 58.0 61.0 65.0
53.0
09/22/88 JUV WAUK
71.0 55.0 66.0 73.0
74.0 80.0 61.0 78.0
58.0 66.0 58.0 63.0
63.0 58.0 63.0 58.0
59.0 56.0 59.0 56.0
62.0 53.0 61.0 64.0
57.0 56.0 62.0 60.0
1 ? 16 11.3
55.0 64.0 66.0 67.0
65.0 62.0
73.0
62.0
59.0
64.0
61.0
67.0
61.0
69.0
59.0
56.0
66.0 65.0
09/22/88 JUV WAUK 2 ? 8 4.9
58.0 61.0 62.0 52.0 61.0 56.0 60.0 66.0
*
09/22/88 JUV WAUK
60.0 63.0 64.0 53.0
85.0 64.0 70.0 68.0
67.0 68.0
09/22/88 JUV WAUK
69.0 68.0 60.0 90.0
69.0 76.0 63.0 66
09/08/89 JUV WAUK
61.0 45.0 58.0 62.0
53.0
3 ? 20 10.4
67.0 88.0 59.0 65.0
64.0 69.0 67.0 66.0
4 ? 13 7.7
69.0 75.0 76.0 70.0
1 ? 97 19.2
60.0 54.0 59.0 53.0
09/08/89 JUV WAUK 2 ? 17 3.8
55.0 55.0 45.0 50.0 70.0 62.0 53.0 49.0
09/08/89 JUV WAUK 3 ? 69 14.7
75.0 67.0 51.0 69.0 60.0 50.0 62.0 57.0
*
58.0
65.0
114.0 66.0
46.0
60.0 53.0
55.0 52.0
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09/08/89 JUV WAUK 4 ? 23 8.5
58.0 57.0 55.0 57.0 53.0 55.0 53.0 51.0 55.0 51.0
*
09/11/89 JUV RACI 3 ? 10 1.9
66.0 65.0 63.0 56.0 66.0 61.0 53.0 58.0 59.0 57.0
*
08/01/89 JUV WAUK 1 ? 1 0.3
47.0
*
08/01/89 JUV WAUK 3 ? 2 0.5
47.0 39.0
*
08/01/89 JUV WAUK 4 ? 1 0.2
38.0
*
*08/01/89 JUV WAUK 1 ? ? ?
* 44.0
*
*08/02/89 JUV WAUK 7 ? ? ?
* 35.0
*
*08/02/89 JUV WAUK 5 ? ? ?
* 40.0 40.0 28.0 42.0 41.0 39.0 41.0
*
08/21/89 JUV WAUK 5 ? 131 25.0
59.0 38.0 54.0 50.0 46.0 38.0 48.0 51.0 42.0 49.0
*
09/05/89 JUV WAUK 1 ? 255 45.5
65.0 55.0 47.0 55.0 53.0 47.0 56.0 56.0 52.0 47.0
*
* The following push was added from Mike Keniry's records 15/Jun/92
*09/10/90 JUV WAUK T3 ? ? ?
* 6.2 6.5 4.9 4.8 5.9 6.1 6.6 6.0 5.1 4.5
* 5.0 4.9 6.1 6.5 6.9 7.4 5.1 7.0 6.1 53
* 5.6 6.8 5.7 5.7 5.8 6.1 6.8 5.4 4.9 6.0
* 63 4.6 6.0 6.0 5.1 55 4.9
06/03/89 LAR ? 2 ? 5 29.4
6.2 6.5 63
06/06/89 LAR ? 1 ? 5 32.8
6.5 63 63 6.8 6.2
*
06/13/89 LAR ? 3 ? 161 867.6
6.1 5.8 5.7 5.9 6.6 5.7 6.4 6.4 6.5 5.2
06/20/89 LAR ? 3 ? 153 1015.0
6.3 6.2 6.0 6.2 6.2 5.5 5.9 5.9
*
06/26/89 LAR ? 3 ? 307 2000.1
5.9 5.9 6.0 5.8 6.0
*
07/03/89 LAR ? 1 ? 11 60.5
5.4 5.7
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06/05/90 LAR ? 3 ?
4.8
06/11/90 LAR ? 3 ?
6.2 53 5.6 6.0 5.4
*06/21/90 LAR ? 3A ?
* 5.8 5.9 6.1 6.1 5.4
*
06/25/90 LAR ? 3A ?
5.9 63 5.7 5.8 5.8
07/02/90 LAR ? 3A ?
6.1 5.8 5.6 53 6.2
*
07/09/90 LAR ? 3 ?
6.1 5.4 5.9 5.1 6.0
*
*07/31/90 LAR ? 2 ?
* 18.5
*
1 18.1
19 102.7
89 ?
1648 15188.4
488 2780.8
6 34.8
? ?
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Appendix 2. Program MODELS.FOR.
CRAH 5 DEC 92. ADD SUBROUTINE HOWDIE TO COVER CASE IN WHICH STARV
CRAH AND PREDATION ARE SIMULTANEOUSLY POSSIBLE.
CRAH THIS IS MTS OLD VERSION PLUS MY ADDITIONS.
CRAH MJ'S 20 NOV 92 UPDATE TO SIM.FOR AND MODSIMJNC DID NOT AFFECT MODELS.FOR
CRAH DID NOT CHANGE ANYTHING IN MODELS.FOR.
BLOCKDATA DATA
INCLUDE MODSIMINC
DATA FD, LD, FM, LF, NH, ND, DOS, FISH, CA, CB
+ /I,I,FISHM$,0,00,,O,O,.51,-.42/, ! CA,CB from HORNS' rep
+ A1, A2 B1, B2, CUTLEN
+ /.253E-6,.303E-5,4.15,3.24,15.3/
DATA RK.4/, RM/8./, EL/J, EM/2J ! cutoffs for EAT
CRAH DATA SK/.01/ ! multiplier for STARVE
DATA SK/0.5/ ! RAH ADD
CRAH DATA PA/5./, PB/.125/ ! PA is 1/(#/m**3), PB is n/mm
DATA PA/20J, PB/.125/ ! PA is l/(#/m**3), PB is 11mm RAH ADD
DATA CODE/EPMAX$*0/ !S no external defs at bootup
END
c
C
SUBROUTINE HATCH
c For each call, HATCH sets ST to 'FAT for those fish with
c HD equal to DOS, the DayOfSimulation. The input data must be sorted by date.
c No interpolation occurs. HD (hatch day) is a DOS,ie 1 thru DOSM$.
INCLUDE MODSIMJNC
INTEGER IDOS
IDOS = DOS
DOWHILE( (NH.LT.LF) .AND. (HD(NH+1).EQJDOS)) ! presumes all fish are
NH = NH + 1 ! ordered by hatch day
ST(NH)= FAT$
ENDDO
DOS = IDOS
RETURN
END
c
c
SUBROUTINE STEP
c STEP steps thru all fish on the current DOS, updating all fish arrays and
c the variables NH and ND.
INCLUDE MODSIMJNC
NEATDAY(DOS) = 0 ! RAH ADD. INITIALIZE NUMBER EATEN TODAY
NSTADAY(DOS) = 0 ! RAH ADD. INIT NUMBER THAT STARVED TODAY !inc
number of dead fish
DO FISH=1,NH
IF( ST(FISH) .GT. UNBORN$ )THEN I ie, is it alive?
CMAX = CA * CW(FISH) ** CB ! are units right???
CALL EAT
CALL GROW
CRAH CALL PREDATE
CRAH IF( ST(FISH) .GT. UNBORNS )CALL STARV ! dont change dead ones
CALL STARV ! RAH ADD
CRAH COVER POSSIBILITY THAT FISH MIGHT BOTH STARVE AND BE EATEN THIS DAY.
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IF( ST(FISH) .GT. UNBORN$) THEN !RAH ADD. DID NOT STARVE
CALL PREDATE ! RAH ADD. SEE IF EATEN.
ELSE IF (ST(FISH) .EQ. STARVEDS) THEN ! RAH ADD. DID STARVE.
CALL PREDATE ! RAH ADD. SEE IF IT COULD ALSO BE EATEN.
IF (ST(FISH) .EQ. EATEN$) CALL HOWDIE ! RAH ADD. IF SO, CHOOSE RANDOMLY
ENDIF ! RAH ADD
CRAH NOW AFTER FINALLY DECIDING CAUSE OF DEATH, ICREMENT DAILY COUNTER
IF (ST(FISH) .EQ. EATEN$) THEN! RAH ADD
NEATDAY(DOS) = NEATDAY(DOS)+1 ! RAH ADD. INCR NUMBER EATEN TODAY
ELSE IF (ST(FISH).EQ. STARVED$) THEN! RAH ADD
NSTADAY(DOS) = NSTADAY(DOS) + 1 ! RAH ADD INCR NUMBER THAT STARVED TODAY
! inc number of dead fish
ENDIF ! RAH ADD
ENDIF
ENDDO
RETURN
END
c
c
SUBROUTINE GETRCRR
c See SIMULATE.TXT for derivation of constants used below. This was lifted
c from KCTang's FISH, who got it from ??
REAL VC, VR
INCLUDE MODSIMINC
VC= (32.- TEMP)/3.
RC = ( VC ** .28281 )* EXP( (1. - VC) * .28281)
VR= (35.- TEMP)/3.
RR = (VR ** .24355 ) * EXP(( 1. - VR) * .24355 )
RETURN
END
c
c
SUBROUTINE EAT
c EAT calculates the total FOOD eaten in grams (wet wt), and the PVALUE.
c The random number generator produces a repeatable sequence for this subroutine
c independently of calls to RANDS by other subs or main.
c PVALUE runs from 0 ( for 0 PREY density or 0 length fish) to 1. (for infinite
c PREY density and finite length fish).
c The most likely value of FOOD is randomized by various algorithms.
c The original randomized by +/- 25% for 0 length fish and
c 0% for fish much longer than RM mm. Herendeen is the probable source of this
c algorithm. The general algorithm is from KC Tang's subroutine NOFORAG
c in FISH. The unused algorithms are commented with 'Cn', where n is the try
c number.
REAL PVALUE, R, RF
DATA R/.5/ ! seed for RANDS
SAVE R
INTEGER F
INCLUDE MODSIMJNC
F = FISH
R = RANDS(R) ! for repeatable random sequence centered at .5
PVALUE = PREY/(PREY +RK)* CL(F) / (CL(F) + RM)
FOOD = RC * PVALUE * CMAX * CW(F) ! most likely value of FOOD
CO RF = (R - .25 / (.5+CL(F))) * ( 1./(2.+CL(F) )
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cl RF=0.
C2 RF= (R-.5)/2.
RF= (R-.5)*EL / EM/(EL+CL(F))
FOOD = FOOD* (1. + RF ) ! FOOD is randomized function of CL
CRAH FOOD = FOOD * ( 1. + 10.0*RF ) ! RAH ADD. FOOD is randomized function of CL
FOOD = MIN( FOOD, CMAX * CW(F)) ! limit FOOD eaten to CMAX*CW
TC(F)= TC(F) + FOOD
PV(F) = FOOD / CW(F) / CMAX /RC
RETURN
END
C
C
SUBROUTINE GROW
C The executable code in GROW was lifted from the subroutine GROWTH written
c for main program PERCH by K.C.Tang who claims:
c "bioenergetics model adapted from 'A Generalized Bioenergetics Model of Fish
c Growth for Microcomputers' by S.W. Hewitt and B.L. Johnson of U of Wisconsin,
c at Madison."
c The last section of Tang's code which computes the new length, was probably
c in error. It let the fish grow to NL iff NL>L. It has been changed to match
c that in NEWGROW written by D.DeAngelis of ORNL June,91 for small mouth Bass.
C In that subroutine, the fish was allowed to grow to NL iff the weight change
c from the previous day is positive and the fish satisfied the Normal Length/
c weight relationship on the previous day. ie, was heavier than a 'normal'
c fish of the previous days length. The CUTLEN and CUTWT (15.3mm and .0209g)
c determine which growth parameters to use.
c All lengths are mm, all weights are grams.
REAL TEMPMIN, S, DW, NL, A, B
DATA TEMPMIN/0.O/
REAL R, RF ! RAH ADD
DATA R/5.5/ ! RAH ADD
SAVE R ! RAH ADD
REAL RA, RB, FA, FB, FG, UA, UB, UG, SDA, ACT
DATA RA/.0065/, RB/-.20/, FA/.158/, FB/-.222/, FG/.631/,
+ UA/.0253/, UB/.58/, UG/-.299/, ACT/4.4/, SDA/.15/
INCLUDE MODSIMINC
INTEGER F
R = RANDS(R) ! RAH ADD
RF= R- .5 I RAH ADD
IF( TEMP .GE. TEMPMIN )THEN ! min temp needed to grow
F = FISH
SPECON = FOOD / CW(F) ! specific consumption
RESP =CW(F)** RB * RR * RA * ACT ! respiration debt
EGES = TEMP**FB * EXP(FG*PV(F)) * SPECON * FA i egestion
EXCR = TEMP**UB * EXP( UG*PV(F)) * SPECON * UA - EGES ! excretion
S = SDA * (SPECON - EGES )
CRAH DW = (SPECON - (RESP + EGES + EXCR + S)) * CW(F) ! weight change
DW = (SPECON - (RESP + EGES + EXCR + S) * (1.0+5.0*RF))
+ * CW(F)! RAH ADD
DW = MAX( DW, -.1*CW(F)) ! limit wt loss to 10%
CW(F) = CW(F) + DW ! update weight
IF( CW(F) .GT. .0209 )THEN I choose growth parameters
A = A2 ! YOY parameters
B = B2
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ELSE
A = A1 ! larval parameters
B=B1
ENDIF
NL = (CW(F) / A) ** (./B ) ! compute new Normal Length
IF(( DW.GT.O. ).AND.( ST(F).EQ.FAT$ ))THEN ! if +DW and FAT,
CL(F)= NL grow to Normal Length
ELSE
IF( NL .GT. CL(F) )THEN ! else, update status to
ST(F) = FATS ! FAT or THIN
ELSE ! see main comments above
ST(F)= THINS
ENDIF
ENDIF
ENDIF
RETURN
END
C
C
SUBROUTINE PREDATE
C This algorithm is from KC Tang's subroutine MTPRED in FISH.
REAL R, PDEAD
DATA R/.5/ ! seed for RANDS
SAVE R
INCLUDE MODSIMJNC
INTEGER F
F= FISH
R = RANDS(R)
PDEAD = PA * PRED * EXP( -PB * CL(F))
IF( PDEAD .GT. R )THEN
ND= ND + 1 ! inc number of dead fish
ST(F) = EATENS
DD(F) = DOS
ENDIF
RETURN
END
C
C
SUBROUTINE STARV
c STARV's algorithm is from KC Tang's subroutine MTSTARV in FISH.
c Tang credits this to DeAngelis' subroutine SRVIVL.
INCLUDE MODSIMINC
REAL A, ADE
INTEGER F
F= FISH
A = CW(F) * .1362 * CL(F)**.0499 ! compute dry weight
ADE = SK * .4074E-6 * CL(F)**3.21 ! compute min unstarved
IF( A .LT. ADE )THEN ! dry weight
ND = ND + 1 ! inc number of dead fish
ST(F)=STARVED$
DD(F) = DOS
ENDIF
RETURN
END
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C
C
SUBROUTINE DINIT
c DINIT initiates the environment arrays PY (PreY density, gm/m**3) PD
c (PreDator density, #/m**3), TM (TeMperature celsius) and the fish arrays
c HD, ST, HL, HW, CL, CW, PV and TC. Each of the environment array elements
c corresponds to one Day Of Simulation, DOS, which runs from 1 thru DOSMS.
c Environment data comes from SIMULATE.ENV.
c
c Hatching data comes from SIMULATE.HAT. DINIT completely fills the fish arrays
c with the read or computed data. ST is filled with 'UNBORNs, PV is filled with
c 1., TC is filled with 0, and HW and CW is computed for each length(mm) from
c W.Homes' paper. Also read in are the first and last hatch days expressed in
c Day.of.Year, and the total of all CPEs, TCPE calculated by PROCESS. CPE is
c 'catch per effort' in #/1000m**3. Lengths are in mm, weight in grams(wet), and
c temp in Centigrade. Only the LARVAL length/weight relationship is used, ie it
c is presumed that no larval fish has reached the cutoff length(16mm).
c
cl-Jun-92 changed all formats for floating numbers to G13.5. At G13.4, which
c would match the rest of MODELS and SIM, enough significance was
c lost that with FM at 1000, using 1990 data, DINIT set LF to 990
c instead of 991. This is not necesarily 'more' correct, but it does
c match previous runs, ie eliminates confusion if those old runs are
c redone.
c5-Jun-92 changed allocation algorithm. The ideal number of fish to be
c allocated for each push is calculated from pcpe/tcpe. The number
c of fish actually allocated for a particular push is a multiple of
c ILS, the number of individual fish whose length was measured. This
c multiple is calculated from PCPE/TCPE*FM/ILS, truncated.
INTEGER D, NF, FF, N, 0, ! DOS, NextFish, IstFish, #, Offset
+ PN, ILS ! PushNumber, Lengths/push
REAL PCPE, TCPE, L, W ! PushCPE, TotalCPE, Length, Weight
INCLUDE MODSIMJNC
REAL X(100) ! for the lengths from each push
DOS = 0 ! presume beginning of simulation, so
ND = 0 ! clear number dead
NH = 0 ! number hatchedto date must be 0.
OPEN(1,'SIMULATE.HAT,STATUS='OLD')
READ(1,'(216,6XJ6,6X,G13.5)') FD, LD, PN, TCPE
NF = 1 ! init pointer to Next available Fish
IF( PN.EQ. 0 )GOTO 20
DO K=1,PN
READ(1,'(16,18XJ6,G13.5)',END=20) D, ILS, PCPE
IF( ILS .EQ. 0 )GOTO 10
READ(1,'(6G13.4)') (X(I), I=I,ILS) ! X is temp holding place
D = D - FD + 1 ! convert to DayofSimulation
N = PCPE / TCPE * FLOAT(FM) / FLOAT(ILS)
IF(N.EQ. O)GOTO 10
DO J=1,ILS
L = X(J)
W = Al * L ** Bl ! compute presumed weight in grams wet from mm
FF = NF ! init pointer to First Fish
DOWHILE( NF .LT. N+FF ) ! equals FirstDay of hatching.
HD(NF) = D
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ST(NF) = UNBORN$ ! lay an egg' sort of
HL(NF) = L
HW(NF)= W
CL(NF) = L
CW(NF) = W
PV(NF)= 1.
TC(NF)= 0.
DD(NF) = -1. ! dont know death day yet
NF = NF+ 1
ENDDO
ENDDO
10 CONTINUE
ENDDO
20 LF = NF - 1 because array may not be quite full
CLOSE(1)
OPEN(1,'SIMULATE.ENV',STATUS='OLD')
0 FD - 1
30 READ(1,'(16,3G13.5)',END=40) D, TM(D-O), PY(D-O),PD(D-O)
GOTO 30
40 CLOSE(l)
50 RETURN
END
C
C
SUBROUTINE DAILY !RAH 2 OCT 92
C CALCS MEAN, SD, ETC., FOR EACH DAY AND PUTS IN ARRAY(S)
INCLUDE MODSIMINC
REAL TEMP1, TEMP2
INTEGER I, TEMPLIVE
TEMPI = 0.0 ! INITIALIZE
TEMP2 = 0.0 ! INITIALIZE
TEMPLIVE=0 INITIALIZE
CRAH FIRST CALC MEAN
DOI=1, NH
IF ((ST(I).EQ.5) .OR. (ST(I).EQ.6)) THEN
TEMPLVE=TEMPLIVE+1
TEMPI=TEMPl+CL)
ENDIF
ENDDO
CRAH NOW CALC MEAN AND SD. DO SO THAT ARG OF SQRT MUST BE NONNEGATIVE
IF (TEMPLIVE.GT.0) THEN
LMEAN(DOS)=TEMP1ITEMPLIVE
DOI=1, NH
IF ((ST(I).EQ.5) .OR. (ST(I).EQ.6)) THEN
TEMP2=TEMP2+(CL()-LMEAN(DOS))*(CL()-LMEAN(DOS))
ENDIF
ENDDO
LSD(DOS)=SQRT((TEMP2)/TEMPLIVE)
LSDOMEAN(DOS)=LSD(DOS)/LMEAN(DOS)
NLIVE(DOS)=TEMPLIVE
ENDIF
RETURN
END ! RAH SUB DAILY
CRAH
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CRAH
SUBROUTINE HOWDIE ! RAH ADD WHOLE SUBROUTINE
CRAH USE WHEN FISH COULD HAVE DIED BOTH BY STARVATION AND PREDATION.
CRAH THIS PICKS ONE CAUSE OF DEATH RANDOMLY TO CORRECT FOR BIAS RESULTING
CRAH FROM ARBITRARY ORDERING OF SUBROUTINES PREDATE AND STARV.
INCLUDE MODSIM.INC
REAL R
INTEGER F
F = FISH
DATA R/.5/ ! seed for RANDS
SAVE R
R = RANDS(R)
IF (R .GE. 0.5) THEN
ST(F) = STARVED$
ELSE
ST(F) = EATEN$
ENDIF
RETURN
END
CRAH END OF ADDED SUBOUTINE HOWDIE
58
